The main aim of our research is to contribute to the knowledge on diseases and disorders of olives in Australia. Based on our diagnostic and field research work we report several new records of fruit rots and of fungi associated with foliage, trunk and root diseases. As well as being affected by a range of pathogenic diseases, olives are also subject to non-pathogenic disorders, such as damage by heat and sun, wind, fire and other weather conditions, water-logging and irregular watering or nutrient imbalances, all of which interfere with the normal physiological processes in trees. As a result, reduced crop set and fruit size as well as a range of other symptoms such as frost, chilling, hail injuries, and sunburn can be directly caused by environmental conditions. Moisture, temperature, sunlight, nutrition and soil characteristics can all affect plant growth. If one of these factors is out of balance it may lead to environmental stress which may, in turn, result in a greater tendency to become diseased.
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leaves. The faint yellow halo was often evident in the tissue around the spots. As the disease developed the infected leaves fell prematurely, mainly in spring when the infection was high. Infection was also detected on veins of the lower leaf surface and fruit peduncles. Disease symptoms were also found on fruit, particularly in the cultivars 'FS-17', 'Barnea' and 'Manzanillo'. Intense defoliation resulted in less shoot growth and poor bud formation. High levels of infection were observed on leaves before flowering, which resulted in flower drop and poor fruit set. Death of twigs further contributed to lower yield. A high percentage of new leaves which developed after leaf drop were reinfected by F. oleagineum during warm and humid summers. Thus, peacock spot may be present all year round in olive groves if conditions are suitable (Sergeeva et al., 2009) . While hot, dry weather discouraged disease development, it was observed that warm and humid weather during summer, such as that which occurred in 2008-2009, can also encourage disease incidence. The young leaves were highly susceptible to infection in spring, and foliage in lower parts of trees was more frequently infected. This is consistent with the pathogen's requirement for high humidity to develop. Rain plays an important role in carrying conidia from infected leaves to healthy ones. Wind can also carry the conidia from the leaves on the ground to those on the trees. The pathogen is favoured by low temperature and moist conditions during autumn, winter and spring. High temperatures (>30°C) restrict spore germination and growth; thus, the disease is inactive during the warm, dry summers. The pathogen is known generally to survive unfavorable conditions, e.g., dry, hot weather, in fallen leaves as well as in infected leaves on the tree. Old infections on leaves became crusty and whitish following high temperature (Sergeeva et al., 2009) .
Cercosporiose or cercospora leaf spot of olives is a serious defoliating disease caused by the fungus Pseudocercospora cladosporioides. The first symptoms of cercosporiose were grey blotches on the undersides of leaves, which were covered with black dust or black sooty mould-like sign, even on green leaves without any lesions. The tops of the diseased leaves became yellow or slightly chlorotic (some cultivars show more chlorosis than others), and sometimes showed brown spots. The infection was usually on the low part of the canopy where more favourable conditions for infection (high moisture). Infected leaves may fall, causing partial defoliation in some cases. Fruit symptoms of cercosporiose varied with cultivar ripening stage. On ripening olives, the epidermis of infected tissues had an ash-grey appearance, and diseased fruits showed slightly sunken, light-brown spots. It was more prominent in years with high humidity and moderate temperatures and where susceptible cultivars were grown. Humid weather and mild temperatures preceding the period of harvest were very important for the development of disease on fruit. Fruit infection, although not occurring regularly, may reach high levels in years with favourable climatic conditions. This is illustrated by the widespread damage recorded in the region in season in which fruit infection was first identified. In the following year, however, when climatic conditions were less favourable to the disease, no fruit infection was recorded (Sergeeva et al., 2008; Sergeeva and Spooner-Hart, 2009a) .
Anthracnose fruit rot in ripening olives can be a serious problem in a number of growing regions throughout Australia. It is common in NSW, SA and Qld and has recently (2007) been recorded in WA. In 2008-2009, a widespread fruit loss due to anthracnose was recorded in Victoria, SA, NSW and Qld, due to favourable climatic conditions. This also occurred in 2010, as a result of warm weather and high humidity following the rains during fruit maturation. Anthracnose, caused by the fungi Colletotrichum acutatum and C. gloeosporioides, can infect flowers, sepals, pedicels, peduncles, leaves, shoots and olive fruits at any time after commencement of flowering, but infections do not usually become visible until they begin to ripen. Infection of flowers leading to fruit rot is of economic importance, as anthracnose results in significant losses in yield and reduced oil quality (Sergeeva et al., 2008a,b) . Infected ripe fruit may be soft and leaky, and may have masses of fungal spores growing on them. Spores require free water on the plant surface in order to germinate and infect. Thus, these spores can be spread by dew, rain splash and moist wind to adjacent ripe and healthy fruit. Spores from these fruit lesions could be important sources for secondary infection of mature fruits. Under favourable conditions, Colletotrichum species produce creamy and orange, slimy masses of spores on soft circular rots or sunken spots on the fruit (Sergeeva et al., 2008a; Sergeeva and SpoonerHart, 2009a ). Both Colletotrichum species can occur in one olive grove. The infected fruit will rot and sometimes shrivel before prematurely dropping from tree. In Australia mummified olive fruits were observed when the fruit begin to ripen. Mummified fruits may remain on the tree until spring, providing inoculum for new infections.
Root diseases caused by soil-inhabiting fungi such as Phytophthora spp., Verticillium dahliae, Macrophomina phaseolina, Rhizoctonia spp. and Fusarium spp. can cause serious problems in olives such as reduced growth, wilting and, in severe cases, death of the plant. The severity of root diseases appears to depend on climate, soil site and cultural practices. For instance, a strong correlation exists between root diseases and soil moisture levels. Phytophthora was most commonly associated with high moisture content and/or with poor drainage. On the other hand, some root diseases e.g., those caused by M. phaseolina, can be associated with relatively dry soil .
Olives are a temperate/Mediterranean tree fruit: therefore, their vegetative growth and fruiting characteristics are specifically linked to specific climatic requirements and seasonal climatic influences. These climatic requirements and influences have a direct impact on the olive tree growth and development throughout the year and are not restricted to the influence of summer temperatures and annual rainfall. Although olive trees are relatively tolerant of drought, as an evergreen tree they require water yeararound for commercial production. Low water availability leads to reduced tree growth and lower fruit and oil yields. One higher frequency of extreme events involving high rainfall in short periods of time, gale winds and/or hail, could determine a higher incidence of tree and fruit losses associated to these events.
Spring weather conditions, particularly during the critical flowering period, have a very significant impact on the fruit set in olive trees. Any adverse conditions at this stage, i.e., frost and cold temperatures, heat, wet weather and/or excessive wind may adversely affect fruit set. Poor fruit set can lead to biennial bearing which itself has a big influence on grower management practices and economic viability. In Australia, the most important period extends between August and December which is when flower bud development, full blooming, fruit set and stage one of fruit growth due to cell division occurs. Moisture stress during this period is likely to reduce the number of fruit per tree and also the potential size of the fruit because of the lower number of cells per fruit as well as reduced new growth to support the following season's crop. Olives have a requirement for a period of chilling for flower development. This chilling requirement is influenced by autumn and winter temperatures; any increase in the average temperatures during this period may have detrimental effects on the olive trees cropping potential. Drier spring weather conditions increase the risk of frost. In extreme situations frost can lead to total crop failure. Heat and winds during flowering have negative impacts on pollination and fruit set.
High temperatures are frequently associated with high vapour pressure deficits between leaves and this may compromise the oil accumulation potential of the olive trees. Some symptoms are consistent with those caused by water stress, namely dehydration and shriveling or roughening of the fruit surface at the apical end or the whole fruits (this condition is reversible, as after irrigation the fruit return to normal, with no browning internally). Leaf scorch, characterized by necrosis and desiccation of tips and other margins of leaves, may occur and is usually associated with hot, dry, windy weather. This is a physiological condition in which leaves lose water more rapidly than the roots can supply it. Scorch is exacerbated by soil compaction, nutrient deficiencies, chemical injury, unfavorable weather conditions, poor soils, or limited room for root growth. Heat and winds during flowering have negative impacts on pollination and fruit set. High temperatures coinciding with excess soil moisture between early fruit ripening and harvesting may predispose the fruit to pit burn disorder, with softening and brown discoloration of the flesh adjacent to the stone (Sergeeva and Spooner-Hart, 2009b ).
While olives generally thrive in hot climates, their fruiting structures can be very sensitive to solar stress when temperatures rise above 40°C. Sunburn/sunscald is a physiological disorder associated with severe damage to green tissues caused by exposure of the fruits to intense sunlight. Sunburn/sunscald is the skin discoloration of olives caused by exposure of the fruits to intense sunlight. Injured olive fruit cortex tissue is tan/brown and firm patches. The discoloration usually does not extend deep into the flesh; it only affects the skin. This is most likely to when temperatures are high and skies are clear. This may be exacerbated by tree defoliation due to insect pests or diseases. Water stress can increase the incidence and severity of sunburn/sunscald. Sunscald can also occur on branches, where damaged bark becomes cracked, sunken and can develop cankers.
Russet occurs when the outermost (epithelial) cells of the fruit are injured and callus cells form, producing an injury similar to scab. High humidity levels or the fruits being continually wet, and associated high daytime temperatures and low night temperatures during the fruit development phase, are most commonly associated with onset of russet. Russet may also be associated with strong winds, when immature fruits rub against other fruit, leaves, or stems.
Serious bark splits may occur due to frost or sunscald. Frost cracks (radial "shakes") occur during periods of fluctuating winter temperatures when severe cold weather causes a contraction of the wood. Under these conditions, the wood splits along the grain, causing vertical cracks. Sunburn and frost injuries are most common in young olive trees. Young, rapidly growing trees may also develop superficial growth cracks when the inner bark expands faster than the outer bark during periods of optimum growing conditions (i.e., sloughing off of outer bark may accompany trunk expansion; and the outer bark can peel upward as a result of this process). In some cases sunburn, together with water stress, can be expressed as a slow tree decline and dieback.
In Australia, drought and very high summer temperatures may result in severe bushfires. In February 2009, for example a number of Victorian olive growers recorded severe losses due to bush fires. The damage was principally to the foliage of the canopy, in groves which were bearing full crops, rather than to the base or trunk of the trees. It is anticipated that the losses in production will occur for the next three or four years.
Frost and chilling injuries are primarily disorders of crops of tropical and subtropical origin. Frost is one of the most important weather related hazards for the Australian olive industry and it has caused significant economic losses (Ravetti, 2005; Smyth, 2006; Guillaume et al., 2010) . Its impact on oil quality was significant in 2006, with more than 20% of Australian oil that year being affected to some degree. A number of Australian olive growing regions, particularly in NSW, SA and Victoria, can experience severe frosts. Dry winter and spring conditions can lead to a higher than normal frequency and intensity of frost events. Thus, a higher incidence of frost can be expected in association with drought. Extensive areas of SA and Victoria have suffered some of their worst frost events in history during recent drought years. Olive trees and fruit can suffer severe damage at temperature of -2 to -9°C. However, in Australia, these temperatures are only temporary, with daytime temperatures usually reaching >10°C. Frost can seriously damage young shoots and inflorescences, especially in young trees, resulting in serious losses. Entire trees can die when exposed to temperatures of -7°C. For example, in MayJuly 2006 minimum temperatures of ≤ -5°C on several occasions within several days of each other were responsible for progressive damage to olive trees (Smyth, 2006) .
Early frosts may affect the fruit, leading to significant changes in the chemical and organoleptic characteristics of the oils. Fruit damage with temperature -1.7°C causes surface blisters and spots, indicating damage around the pit. Depending on the characteristics of the frost, the damaged fruit turns a brownish colour and remains with an aqueous consistency and drop, or dehydrates, remaining shriveled until harvested. Chilling injury (apical end rot or soft nose) disorder, which has been reported from a number of Australian olive-growing regions, is associated with shriveling of the apical end of the fruit, mostly close to harvest. This condition may result from sudden changes in temperature <7°C and humidity. The internal flesh and pip may be blackened throughout the whole fruit or only at the apical end and secondary fungal rots, such as Alternaria species, commonly infect the damaged fruit. Symptoms also may not be visible externally on olive fruits. Detection and diagnosis of chilling injury is often difficult. The degree of chilling and frost injuries depends on the duration of the cold temperatures and how fast the temperature dropped (Sergeeva, 2010) .
A number of Australian olive production areas also experience hailstorms. Hail can occur at any time of the year, but is most common during late summer in MarchApril. Hail is most severe when it damages fruit on trees, causing physical injury. Hailstones usually range in size from 0.5 to 2-3 cm in diameter. Even tiny hailstones can inflict severe, but initially imperceptible, damage to fruits. The resulting damage will manifest itself days to weeks later as deformed wound-response tissues. Fruits and twigs may exhibit open, ragged-edged wounds in the skin or bark. In addition to the direct damage caused by hail, wounds caused can serve as the infection points for fungal and bacterial pathogens. For example, in Victoria 2008 approximately 500 hectares of the olive groves with trees bearing fruit were severely impacted by a hail storm.
Lower water availability also influences nutritional disorders, particularly those associated with nutrients that require good soil moisture levels for their uptake, such as potassium. These problems tend to be worse after a year with soil moisture levels, when the trees require high levels of nutrition to support their high cropping potential. The other relatively critical time is between mid-February and a month before harvest. During this period, oil accumulation and cell expansion are at their peak. Consequently, low soil moisture levels at this time lead to smaller fruit and lower oil yields. Deficiency of boron may also cause a condition in which green immature fruits develop hard brown ends (known as 'monkey face').
Salinity affects yields. Olives are moderately salt tolerant, although salinity may be a problem when there is a high salt concentration in the soil and/or irrigation water. Olive orchards growing along the coast must also cope with salt deposited by sea winds.
CONCLUSIONS
Diseases and disorders associated with environmental stress and unfavourable climatic conditions play an important role in sustainable olive production in Australia. Growers may not be able to control some diseases and disorders, because of the unpredictable climate and associated environmental stress. Oils produced under severe water and temperature stress tend to have higher levels of polyphenols and other antioxidant substances, associated with increased pungency and bitterness. Extremely high levels of pungency and bitterness can lead to imbalance in oil organoleptic quality. Optimum temperatures during fruit ripening (January to May) have the biggest influence on oil quality. Warm climates can reduce palmitic and linoleic acid levels. Olive anthracnose caused by the fungal pathogens Colletotrichum acutatum and C. gloeosporioides is one of the main constraints affecting both olive production and oil quality. Some olive cultivars are more susceptible to sunburn, frost and chilling injuries and fungal diseases.
The causes of some disorders are, as yet, unknown and further investigation is needed on their economic importance and their management in sustainable production of olives in Australia.
